ACE No. 311*^ 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 



ORIGINALLY ISSUED 

September 19^3 as 
Advance Confidential Report SH**- 



VmD-TUMEL TESTS OF AILERONS AT YAEIOUS SPEEDS 
III - AILERONS OF 0.20 AIRFOIL CHOED MD 
TRUE CONTOUR WITH 0 .35" AILERON -CHORD FRISE 
BALANCE m THE WACA 23012 AIRFOIL 
By W. Letko and W. B. Kemp 



Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 



NACA 9^ 



WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



L - 325 



• 



r 



ITATIONAL ADVISORY COMMITTEE ?0H AEHOIUUTICS 



ADVA!mCS COilFIDElITIAL REPORT 



;tikd-tuoel tests of aileroits at various speeds 

III - aileroits OE 0.20 airfoil chord AlID 
TRUE CONTOUR WITH 0 . 3 5-A ILEROiT-CHORD FRISS 
BALANCE ON THE IIACA 2301^ AIRFOIL 



SUMMARY 



Hinge nioment , lift, and pressure-di str i"b-ation aeas- 
urer.!]ents were made on a Frise aileron on an NACA 23012 
a.irfoil in the two-diniensi onal test section of the LMAL 
stability tunnel. Speeds up to S60 .niiles per hour corre- 
sponding to a Ivlach nunber of about 0.470 were used. The 
nose radius of the aileron was varied fro?:] 0.0012 to 
GoClbO of the airfoil chord. Tests also -Tieve laade with 
an increased vent gap and with the lower surface of the 
airfoil at the entrance of the slot rounded to a radius 
of 0.02 of the airfoil chorde The primary purpose of all 
tests was to deteriTiine the effects of speed on this type 
of aileron o 



The variation in section hin^'C-mo^ien t and section 
lift coefficient with llach nurcbcr and angle of attack is 
shown in curves of hinge-jiiomcnt and lift coefficient 
plotted against o.ileron deflection for the various con- 
ditions tested. Slopes of those curves were detonranod 
a,nd plotted against Mach number and aileron noso radius. 

Increases in speed decreased tne unstalled range of 
negative aileron deflections. The changes in hinge-monjent 
coefficients with speed seeru comparatively small in the 
unstained range but would probably cause considerable 
error if- neglected in computing the stick forces for high 
speeds * 

For small aileron deflections the aileron with the 
smallest nose radius was most efiectivo in reducing hinge 
moments, but the negative range of balance effectiveness 
was very limited. Increasing the nose r-.dius extended 
the negative range of balance effectiveness appreciably, 
increased the negative range in which the aileron was 
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offcctivc in prod-acing increments of lift, inrl canned a 
considorablo increase in the lift produced "by the aileron 
at high angles of attack: and large positive aileron de- 
flectionSo Hor^nding the loTxer STirface of the airfoil at 
the slot entrance and increasing the vent gap had an appre- 
ciable but varying effect on the lift and hinge-moiaent 
coef f icients p depending on the an^^lc of attack and aileron 
deflection . 

Oscillations of the Frise ailerons occurred at the 
negative angle of stall of the ailerons<, A vibration of 
shudder different from the usual oscillation occurred at 
the high speeds at largo angles of attach and at snail 
and even zero aileron deflectionso 



Il\TTROEUOTIOif 



Increases in the size and speed of conibat airplanes, 
together with the demand for hi^^h rolling velocities, have 
made it necessary to balance aln.ost completely the hinge 
moTucnts of control surfaces in order to enable the pilot 
to deflect the controls under all conditions oi flight. 
Because this close balance and the coD^pre^sibility effects 
have caused overbalance -Tith sone existing aileron in- 
stallations at high airspeeds, somo of the currently used 
or recently proposed balance arrangon^en t s must bo rctested. 

The NACA is undertaking a study of sonie of the i^ore 
promising aileron forirs at airspeeds higher than those 
eraplcyed in previous devolopmont s ^ Results of tests of a 
blunt-nose and a soalcd-internal-balance aileron on a lo^- 
drag airfoil section are reported in references 1 and 2. 
The section characteristics of a Prise aileron of 0*20 
airfoil chord and 0 • o5-a i le r on~chor d balance on an IIACA 
23012 airfoil are presented heroin. 

The section lift and section hi ngc -in oia cn t coeffi- 
cients were measured at different airspeeds up to speeds 
of 360 miles per hour (l^iach nunber of 0.470) turough an 
angle of attack range of -5^ to 10*^ and an aileron deflec- 
tion range of ^20^. The influence' of the aileron nose 
radius and the effect of rounding the loTvor airfoil surface 
at the entrance of the slot and of increa3ing the vent gap 
were also invest igated c The results are presented as curves 
of section lift coefficient and section hinge-moment coeffi- 
cient plotted against aileron deflection. The slopes of 
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the curves were plotted against Hach numlDer and aileron 
nose radius to show the effect of changes in the shape of 
the aileron "balance. 



SYMBOLS 

The coefficients and symDols used in this paper are 
defined as follows: 

c- airfoil section lift coefficient 1-^ 



^^a 



aileron section hinfe-m omen t 
a 

^h ere 

I airfoil section lift 

h aileron section hinge moment 

a 



coefficient 



chord of basic airfoil, including aileron 



c chord of the aileron measured from the hinge 

axis back to the trailing ed.^e 

/, , \ 

q dynamic -or assure [ j^PV^ ) 

r y 

V absolute air velocity 

p rna S3 density of air 

and 

H aileron nose radius, fraction of chord 

a angle of attack for airfoil of infinite 

^ a see ct ratio 



aileron angle 'vith respect to airfoil, 
considered positive Yrith trailing edge 
do!vn 



M Ivia.ch number 
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. ^ , slope of c. against '6^ ?.t corstant a 



0^0 



0 



cc 



ilope of ci a^rainst ai; constant a 

* 1/ a c 



J slope of against at 5^ = 0 

dec / i 0 a 



apfahatuo akd models 



The t3sts Tere luado in the j<IACA two-ii^icnsional test 
section of the stability tunnel, Thir*. section is rectangia- 
lar, 6 feet hi-^h and ''^.5 feet vYide. Speeds up to 360 luiles 
per hour :orr e g pondin.^ to a liach iium'her of 0.470 ;vere used. 
Figure 1 '.hoTTs the raodel mounted in tnc tunnel. 

The nodel of <:i-foct cxiord ana 2,5-foot span had an 
ITACA '<}ZC .2 airfoil section. The nain portion of the air 
foil mo " el ras made of laminated mahogany. The 0,20c 
Frise r-..leron with 0,35Cg^ "balance v/as made of steel with 
'.Toode, nose pieces. ^'igure 2 is a si^etch shov/ing the 
dimen'ions and configurations of the aileron tested. 

The aileron v/as supported at tne ends by ball bear- 
ing, fitted into steel end plates that were attached to 
th( main airfoil. The airfoil which completely spanned 
e tunnel ^a s fixed into circular end X-il-'^'tes that were 
et flush with the tunnel wall. 

The an^^le of attack of Uie model -^a s changed by 
rotating the end plates^ The aileron deflection and the 
.linge moments were measured oy a calibrated spr in,^- 1 or que- 
and-sector system. In some cases the ninge moments were 
also obtained from the r^^^^sure distribution over the 
aileron* The lift was measured by an integrating^ manome- 
ter connected to orifices in the tunnel floor and ceiling 
and was calibrated against lift obtained by pressure 
distribution* Pressure orifices, wnich were located along 
the midspan of the wing and aileron, were connected to a 
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inalt iple- tulDe manometer, and the pres?urer, were recorded 
photographically . 



TESTS 



Test?? were made on an NACA 23012 airfoil equi'ooed 
with a Prise aileron for aileron nose radii of 0.0012cs 
OoOOSc, and 0.01l:0c with a constant nose f;;ap of Co005c 
and a constant vent gap of Oo0055c. The lower surface 
of the airfoil at the slot entrance was not rounded for 
these testso (See figo 2,) With the lower surface at 
the slot entrance rounded to a Oo02c radius, additional 
tests were made for the aileron with i^iose radi^is of 0,008c 
and a nose f^ap of 04.0C5c hut with the vent gap ecual to 
0.0055c and oloic . 

Section hinge iuoments and section lift were measured 
for speeds frorn, 150 to 350 niilas per hour corresponding 
to Mach numbers ran-^ing from 0.195 to 0o470. The lowest 
sijeed corresponded to a ■2e;)ncldG number of about 2,300,000 
and the highest speed to a Ee^nolGS number of about 
0,700,000. The relation between Re7nolds number for 
standard atmospheric conditions ^^nd test Mach number is 
shown in figure 3. 

The tests were made at angles of attack of -5*^', 0^, 
5^, and 10^ and icr each angle of attack readings were 

taken at ail.eron deflections of 0^, ±2^^ ±5^', --t?"-^, :tlO^\ 

^15^, '-^lo^ , ^13^, and ^ 2 0 ^ « 

Pr s sur e-di s t r ibut i on records were obtained ^t Mach 
numbers of 0,199, 0,356, and 0,.470 for every angle of 
attack tested^ ?or each angle of attack records were made 
at aileron deflections of 0^, ±5^, -10^, and ±16^. 



PRECISICjST 



Angles of attack were set to within ^0^1^ and aileron 
deflections to within □::0c5^. ivieasur ement s of the hinge- 
moment coefficients could bo repeated to within ^0,003 
and lift coefficients to wibhin ^-0.01. 
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Corrections for tunnel-*Yall effects were not applied 
to the liinge-wonien t coef f icient s « The aileron angles 
77ere corrected for torsional deflection under load^ The 
follorins^ corrections were applied to the section lift 
coefficients and the anglo of attack: 



1 - X (1 -h 2p) 



wh ere 

4 8 W 



P = 0,237 (a theoretical factor for IIACA 25C12 airfoil) 

h hei'ght of t-unnel 

c. ^ measured lif t coef f icient 

a * uncorrected or <?^oon:etric an^O.e of a.ttack 

0 



The values used are: 

= 0.9 56 c.^ ' 

Hinge moments wore measured "both by pressure distri- 
bution and Dy the spring torque balance for a number of 
conditions and the results are plcttod in figure 4, The 
variations sho^ivn are probably attributable to the fact 
that the spring balance measures the moment on the entire 
aileron, which includes the effects of tunnel-wall boun- 
dary layer and of gaps at the ends of the aileron as well 
as any cross flow over the aileron,. The pressure distri- 
bution, however, gives the hinge iLoruont at the midsection 
of the aileron and is subject to errors in fairing the 
press ure-distributi on diagrams o 



RESULTS AKi) DISCUSSIOH 



For most of the speed and angle-of -a t tack rangeSj 
only small changes were observed in the general behavior 
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of the Frise aileronse the negative angle of stall of 

tiie aileroBi ^vhich depended on the angle of attack, the 
speed, and the shape of the aileron "balance, the aileron 
woiild oscillate hetTzeen the stalled and the unstalled 
condition* 

A different effect vras noted at an angle of attack 
of 10^, where at high speeds a violent, in t enni t t en t 
vihration or shudder occurred at siTiall positive aileron 
deflectionso Siraultaneously , an intermittent stall of 
the \7h0l0 upper surface occurred as T/as shown by the 
tufts which" were placed over the wing and ailoron in 
order to study this phenomenon^ With further increases 
of speed this effect tooli pls^ce at still lower positive, 
and oven at small negative, aileron deflections and at 
lower angles of attack^ 

The violent vihration or shudder r^ay have "been the 
result of compressihility shock over the wing and aileron 
hecause, in all cases in which the vihration occurred, 
the peak pressures on the upper surface of the wing were 
found to ^oe unifor.-aly higher than the critical pressureo 
It is also prohahie that the vioration may he associated 
with seme peculiarity in the moc.el niountin^;, irregular- 
ities in aileron profile, or str.uic unhalance of the 
aileron c Changes in the shape 01 the slot and scaling 
the slot vrlth plasticine had no apparent effect on the 
vihrationo When a hlunt-nose aileron was tested under 
the same conditions on the same wing- however, the 
vihration did not occur. 

The possihility of damage to the model and equipment 
"because of the violence and spasmodic occurrence of t-ie 
vibration limited the investigation of this phenomenon 
with the result that neither the cause nor the effect was 
definitely determined^ The widespread tiso of the Trisc 
aileron^ however, warrants a further investigation of 
this vibration. 



Hinge Moments 
The aileron section hinge-moment coefficients c-^ 

a 

plotted against aileron deflection 6^ for the various 

speeds and aileron parameters are given in figures 5 to 
9. These curves show that for positive aileron deflec-* 
tions the slopes of the curves of c^^ against 6^ 
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become ruore negative ^ith increasing 5.,,/, Vnereas for 
negative aileron deflections, the slopes of the curves 
are generally small and sometimes oecoriie slightly posi- 
tive for a limited range of 6^ . After the aileron stalls, 

the slopes suddenly increase \7ith the result that the 
magnitude of the ainge i-ioment a.t lar^e negative deflections 
is ahout the same as that at corresponding positive 
deflections. 

Even though the results sho'v that the individual 
aileron rra s usually" overbalanced for some negative 
deflections, the combination of two ailerons on c\n air- 
plane would not necessarily be ovtirbalanced ^ Cer :ain 
linkage combinations, however, might give overbalance. 

The range of negative aileron d ef le c t i on , for which 
good balance of hinge moments is obtained, ({.:^(;r3:i "3C s with 
increased speed and increases with increased a:.leron nose 
radius, as is sho-';^n in figures 5, 6, and ?. Tlie amount 
of unbalance increases with increased for po^Jitive 

aileron deflection? and decreases with increased for 
negative aileron deflections, except when ~ -5*^, at 

which the hinge moments arc much larger than when 
a - 10^. 

0 

Because the effects, in the unstallcd range, of the 
various aileron and tost parameters arc not readily appar- 
ent from the curver of figures 5 to 9, the values of 

^ ' 3 ; . \ obtained from the values of c^^ a-t 
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aileron deflection arc plotted against IvI in figures 
10(a) and 10(b). These figures show an appreciable change 

1 ri ^] with increases in speed. The direction 

0 

and magnitude of the change depends on the angle of attack 
and the aileron parameters. Figure 10(b) shows that when 
the lower surface --^as rounded to a 0.02c radius the absolute 

value of f — I increased at positive angles of attack 

^^0 



-a 
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and decreased at negative angles of attack. Increasing 
the vent gap generally decreased the absolute value of 



\ ^ /a.. 



The effect of aileron nose radius on - ) is 



S^a 



^0 



Bhonn in figure 11. The value of ( „^,, 1 increased 



^^a 



a. 



negatively vxith aileron noso radius and the largest 
changes occurred at the high angles of attack. 

Tho value of I obtained for the ailerons 



^0 



Tvith a nose radius of O.OloOc probably could be decreased 
to approximately the value obtained for the ailerons with 
a^nose radius of 0. 0013c by use of a small amount of addi- 
tional balance; at the same time, the negative range of 
balance ef i cct Ivoness vrould be larger than the nagative 
range obtained rzith the small nose radius. 



Lift 

The airfoil section lift coef f icientt. c^ obtained 
Tvith the integrating manometer for zero dileron angle, 
are prec-^ented as a function of ^ in ligures 12(a) and 

12(b) for the 'n^arious speeds and aileron parameters tested. 
The results indicate that generally, a.t an angle of attack 
01 IC , the value of c^ is hi^?;her ^nan the value usually 
obtained for a plain 2:6C12 airfoil. This increase is 
probably due to the effect of the <^xot because c 

increased when the nose radius increased and when the 
lower surface of the airfoil was vounded at the entrance 
ox the slot. 

As was expected, increasinci: the speed increased the 
slope of the lift curve, Thi^ effect is snown in figure 
13, which is a plot of lift-curve slope obtained from 
values of c^ at = :i:5^, dgainst Llach number for the 

different aileron parameters^ ?or comparison, a curve 
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is included '7ith valiies of j - — I 



3c 



\ 



that are incr cased 
0/ ^, 



' a 

"by the factor — "ZTZ'^IinZ^ » vrhich is the theoretical 

variation of lift-ciirve slope with Ivi as given in 
roference 3. 

The variation of :-?oction lift coefficient c with 

aileron aniR;le is /^iven in figures 14 to 18; in order to 
avoid confusion, only the curves for the medium speed 
'vere faired, 'The values of c„ ai e approximately pro- 

i ~ 0 

portional to aileron deflections extending to about 20 
in the positive direction. The aileron stall, T?nich 
depends on nose radius and for a ^iven-- speed, occurs 

at a much lov/cr negative aileron deflection^ however, and 
the increrrient of due to aileron deflection decreases 

for -^^reater valuee^ of 6... The ran^e of nQtrrative aileron 

deflections in w^ich the aileron is not stalled decreases 
with increases of speed and increases -^ith increases in 
nose radius . 

The slopes of the curves ai-e gejiejrally lowest at 
- O^and, in most ca^^es, the slope increases as 

changes in ei,?:hcr direction. The effect of~ speed on 

1 is "best shown "by figures 19(a) and: 19C^).> which 



/be A 

give the curves of i plotted a^ai'as-t IvI for all 

0 

aileron pararaetors* The values -of j ^1 wcr-e attained 

from the values of c.^ at b^^ ~ ±5^. The-...s.ljopes.. ^iiurrease • 

V,' 

with Mach numher in a manner similar to thx:. increase in 

the slopes of tne curves of c agaln.i:t CL^ given, ..in 
f i gur c 1 o o 

Changing the aileron nose r^.diu^ lmd--ari-aprpr€c ia dIb 
/oc,\ 

effect on f -rrr^ 1 as shown in H^i>e-NBO - A t ^-l-ow .and 
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negative angles of attack ^ generally decreased 



as the nose radius increased but at high angles of attack 
increased with incrccsed nose radius. The absolute value 



1 / 



[tT"] ^:^^-rally decreased at low and negative angles 

of attack but r;as increased at medium and hi^;h angles of 
attack as a result of roundin?; the lower surface of the 
airfoil at the slot entrance. (See, fig. 20.) An increase 

in the vent gap caused fl. decrease in ( ill for all 

angles of attaciC, the cfx'ect being Kuch larger at Iot? ".nd 
modiuffi angles of at:;ack than at high angles of attack 

CGI'TCLUSIOITS 

The results of the tests of Friso ailerons of 0,30 
airfoil chord and true contour rrith 0.35 aileron-chord 
balanfic on the 2TACA 23013 airfoil indicate the following 
gonernl conclusions: 

1. Tnu unstalled range of negative, aileron deflec- 
tions was decreased by increasing the airspeed; in the 
unstalled range, ho-ever, the changes in hinge-moment 
cocfiicients -Tith spoed ^ero comparat ivel v small and 
irregular for tho spe^.d range tested but •7ould probably 
cause a considerable error if neglected in computing 
Stick forces for high speeds. 

2. Jor small aileron deflections tho aileron -^ith 
tne snallest nose radius tested nas most effective in 
reducing hinge moments, but the effective range 'vas 
limited. Increasing the nose radius proiuced'a large 
increase in the range of negative aileron ancles at'which 
tno aileron was effective in producing increments of lift 
Increases in nose radius also caused a considorabTe in- 
crease in the lift produced by the aileron at high angles 
01 attack and large positive aileron deflections. 
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3. Rounding the lo^er surface of the airfoil at 

the slot entrance and increasing the vent gap had an 
appr cc i'Xble "but irro^cular effect on the lift and 
Aingc-iBoincn t coefficients, depending on angle of attack 
and aileron deflection. 

4. Oscillations of the Frise ailerons occurred at 
the negative angle of stall of the aileronso A vihra- 
tion or shudder different froiu the oscillation occurred 
at the high speeds at large angles of attaclc and at small 
and even zero ailoron deflections. 



Langloy kemor is 1 Aeronaut ical Laboratory, 

national Advisory Oonimittoe for Aeronautics, 
Langley Field, Va . 
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i-u-re 13.- Variation of lixt-c-arve slope with Mach numter, Sa = 0. 
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F/gure /i-.-Var/ation of sect/on lift coefficient with aileron ano/e. 

Aileron-nose rodias^OOO/^c; lower-surfQce radius -=^0 y 
V45r)f g(^p»0.00S5c. 
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Figure /S, -Sanation of section lift coeffictenf wit/? aiferon ang/e^ 
Aileron -nose racf/us *0.003c ; /ower-surfoce rod/us ^ O ; 
vent gop = 0.005^c. 
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Figure /e-Vonaffon of section lift coefficient with aileron ong/(^. 

Aileron-nose radius ' OOlJOci lower-surfoce raaiuS' O; 
\/'<^nt ^op^0.0055c. 
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Figure /7, - vonation of section lift coefficient with aileron angle. 

Aileron-nosG roa/us=0.00ec] lower-surface radius ^O.OZc j 
i/e/7f p<7p'O.OOJ>Jc. 



V 



L 



I 



NACA 



F/q.18 



I 



I 




-^o -/G -/^ -c9 o ^ a 

A I /e ran png/<e, 6a, deg 



II 

o 
o 



F/gure /6. -Variation of section lift coefficient with aileron angle- 

Ai/eron-nosQ rod/us =0.008c \ lower-surface roa/us = 0.0£c] 
^<^nt ^op = 0. 0/Oc . 
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Figure /9-Var/<7hon of(^^ ^,fh Mach number. Ffffi^r^ Z^-" Co^c/oded . 
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j!-igure 20.- Variation of {^c^/dSrJ^ witli aileron nose radius. Lower-surface radius = 0; vent gav 
O.OObSc. ^ 



• 016 



ma 



